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(57) Abstract 

System for quantifying the general anestlietic effect of general anesdietics on a human or an animal oompri^ng means (10, 
11, 12) for transmitting a series of constant strength stimuli to the ii^Mit side (9) of the nervous system (7, 8, 9) of the human or 
anWal to evoke time restricted responses at the ou^t side (7) of the nervous ^stm, and me^ 1S» 16^ 1'^ for detecting the 
evoked responses and for processing corresponding detection signals. By comparing the strength of responses evoked before any 
anesth^c was administoed to the strength of responses evoked during the administering of anesthetic the depth of the resulting 
anesthesia can be detennined unambiguously between 0 and 100 % avoiding thereby an eventual overdose of anestheti& 
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System for quantifying the effect of general anesthetics on a human 
or an animal. 

The invention relates to a system for quantifying the 
5 anesthetic effect of anesthetics on a human or an animal, 
comprising: 

first means for transmitting a predetermined stimulus to the 
input side of the nervous system of the human or animal, 
second means for activating said transmitting means in a 
10 controlled manner, 

third means for detecting the response evoked in the body of 
the human or animal as result of each transmitted stimulus 
and for generating a thereto corresponding signal, 
fourth means for processing the signals generated by said 
15 third detecting means, 

A system of the above indicated type is described in US 
4,570,640. This known system is designed to determine the location 
and depth of blocks of transmission of nerve impulses at the spinal 
cord level induced by a local anesthetic administered to a human or 
20 animal. 

The purpose of a local anesthetic is to render a part of the 
periphal nerves locally insensible so that a block is established 
between the respective peripheral sensors and the central nervous 
system. Such a block prevents the transmission of stimuli from the 

25 peripheral receptors within a blocked section of the body of the 
human or animal to the central nervous system, whereas the 
transmission of stimuli from peripheral recepters in other parts of 
the body of the human or animal is not interrupted. Stimiili 
reaching the central nervous system from a non-blocked body part 

30 may still evoke a corresponding response in the body. 

To obtain information about the location of the border 
between the blocked body section and the non-blocked body section 
the US patent 4,570,640 proposes to use an array of stimulation 
elements, typically electrodes, which are applied on the skin of 

15 the human or animal. The array of electrodes comprises on the one 
hand an elongated row of electrodes which are positioned 
approximately parallel to the spinal cord and comprises on the 
other hand a number of reference electrodes which are positioned on 
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a part of the body, called the reference site, lAich is certainly 
not effected by any local anesthetic. 

After administering a local anesthetic to the body of the 
hunan or aninal near the spinal cord the capability of the afferent 
5 nerves to transmit stimuli from receptors to the spinal cord will 
be locally decreased or completely eliminated tenporarlly. 
The elongated row of electrodes running across the body site being 
influenced by the local anesthetic as well as across a further not 
influenced body site is used to determine the border between both 
body sections. For that purpose stimuli are applied to the body 
through the various electrodes in a predetermined order and the 
eventual responses evoked in the body are detected by an array of 
sensing means. 

As described in column 15 lines 20 and following of OS 
15 4,570,540 the purpose of the energy delivery from a stimulator 
through the array of stimulation elenents or electrodes is to 
deliver energy to stimulate the underlying structure in order to 
test the nervous system perception of superficial and deep pain 
sensation at various dermatomal and sderotomal sites. This 
includes the site or sites to be tested and one or more reference 
sites for comparison. A second purpose of the energy delivery is to 
stimulate the dermatome in order to test the sympatic integrity. 
This is done by comparing the reactivity pattern in the blocked 
area to that in the reference site. According to column 16, lines 
56 and following the comparator receives the evoked response due to 
the applied stimulus at the various dermatomal sites to be tested 
and compares this response against that obtained from the reference 
site. 

The strength of the stimuli that is applied to the reference 
site should not exceed that which produces a strong sensation to 
the mild pain sensation and/or should be gradually increased in 
strength until the evoked response is obtained in order to assure 
the patient's comfort. On the other hand, however, the strength of 
stimulus which is applied to the testing site should be equal to 
that applied to the reference level. 1.5, 2, 2.5 and 3 times as 
much (column 17, lines 2-6). 

If this prior art system is used to test the effectiveness of 
a local anesthetic then the evoked responses are compared by asking 
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the patient to determine when the experienced sensation exceeds a 
certain point. The patient may signal a particular sensation or 
this signaling may be in the form of the pressing of a control, 
such as a switch, in a particular fashion (column 17, lines 52-57). 
Following the injection of local anesthetic solution in a spinal or 
epidural space the intensity of stimulation will be gradually and 
progressively increased and will be directed to the derroatomal area 
close to the site of injection that is likely to be blocked first, 
and also froa tine to time will be directed to the reference site 
for ctMBparison. This process will be continued until a maximum 
intensity of the stimulus which produces no sensation is reached. 

This prior art system is developed to be used exclusively for 
testing the effect of local anesthetics. The system has to make use 
of a large number of electrodes which for instance during surgery 
can be a nuisance. A requirement to obtain a proper indication 
about the influence of the local anesthetic is that the patient is 
able to inform the system operator about the strength of the 
sensation, varying between slight sensation, mild pain and severe 
pain sensation. This prior art system relies specifically on the 
proper and normal functioning of the central nervous system by 
using reference electrodes attached to a reference site of the 
human or animal body for comparison purposes as explained above. 

The depth of the local block, induced by the use of a local 
anesthetic, is tested by increasing the strength of the stimuli 
applied to the local test site until, according to the described 
embodiments, the strength is three times the strength of a stimulus 
which in a non-blocked section of the body will evoke a response 
which is bearable for the patient. 

If a general anesthetic has to be used the circumstances are 
completely different. A general anesthetic decreases the ability of 
the central nervous system to respond on incoming stimuli. Even if 
both the afferent nerves, transporting stimulus-induced signals to 
the central nervous system, as well as the efferent nerves, 
transporting response signals from the central nervous system to 
35 effectors, are completely active, eliminating temporary the 

capability of the central nervous system to receieve and process 
the incoming stimuli will lead to a condition of complete 
anaesthesia . 
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TO reach this situation after administering one type of 

anesthetic the functioning Of central nervous system Of the human 
or animal gradually slows down, starting with clear consciousness 
and going via a decrease in pain perception, amnesia phenomena, 
5 loss of spontaneous activity, loss of reactivity on afferent 

stimuli and loss of motor response ultimately to a "sufficiently 
deep" anesthesia. During this "sufficiently deep" anesthesia there 

no "awareness". However, as soon as the required anesthesia 
depth is reached the decrease in functioning of the central nervous 
system may unintentionally be furthered, whereby toxic effects of 
the anesthetic will lead to a decrease of the breathing function 
loss of vasomotoric regulation, complete stop of the breathing 
function. Slowing of the heart function and ultimately even death 
Medxcal science predicts that, as soon as a general «esthesia of 
5 sufficient depth is obtained there is no sense in administering 

further anesthetics, in general an overdose of anesthetics has only 
damaging effects and therefore has to be avoided. 

in the medical world it is generally accepted that the 
sensitivity for the effects of the various anesthetics shows a 
large degree of intra-individual and interindividual variation for 
human beings and for animals. One tries in practice to adapt the 
dose Of anesthetics to the individual need. Important basic data 
for selecting the dose are the weight, age and health condition of 
the individual. The influence of an anesthetic on the central 
nervous system and especially the depth of the anesthesia, obtained 
by means of a predetermined dose of the anesthetic, is, however 
not measurable and in practice the experience of the 
anesthesiologist will play an important role in determining the 
dose of anesthetics. 

During general anesthesia there is no reference site left and 
the patient is not able to tell anything or signal anything to the 
anesthesiologist, so the above-described prior art system cannot be 
used for quantifying the effect of the used general anesthetic 

An object of the invention is to provide a system and a 
n.ethod for quantifying the general anesthetic effect of general 
anesthetics on a human or an animal, and especially a system with 
the capability to determine the anesthesia depth in reproducable 
manner and independent of the cardiovascular condition of the human 
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or animal in such a manner that an unambiguous relation can be 
determined between the applied dosis of anesthetics and the 
anesthetic effect restilting therefrom. 

Also in the research environment there is a need for a 
5 reliable syst&n to test the general anesthetic effect or influence 
of certain anesthetics in an accurate and reproducable manner. 
Therefore a further object of the invention is to provide a system 
and method by means of which the general anesthetic influence of 
certain anesthetics on a human or an animal can be measured in a 
reproducable manner and independent of the cardiovascular condition 
of the respective hiaman or animal. 

In agreement with these objects the invention now provides a 
system of the type, described in the heading paragraph of this 
description, which in agreanent with the invention is characterized 
15 in that 

the anesthetic of which the effect is to be quantified is a 
general anesthetic the purpose of lahith is to temporarely 
decrease those functions of the central nervous system which 
together determine the function "awareness** of the central 

20 nervous system, 

the first means are embodied as one or a restricted number of 
stimulus transmitting el&nents destined to stimulate a 
specific sensor which in response thereto will cause the 
central nervous system to a specific response the strength of 

25 which being representative for the function "awareness" of 

the central nervous system, 

the second means are embodied to control said first means for 
sequentially transmitting stimuli of constant strenght, said 
strength being adjusted to a level caiising under full 
30 awareness circumstances a response which is percieved 

bearable by the human or animal, 

the third means are embodied and positioned on the body of 
the human or animal to detect the strength of said specific 
evoked respons and to generate a strength dependent detection 
35 signal, 

the fourth means are embodied to carry out the following 
functions: 

= memorize the strength of at least one detection signal 
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corresponding to a response evoked in the body of the human 
or aniaal before any anesthetic is administered to the body 
of the human or 

= compare the strength of said at least one memorized 
5 detection signal with the strength of every detection 

signal corresponding to a response evoked after the start 
of administering an anesthetic to the body 
= indicating the result of said comparison, 
whereby the stimuli are selected such that the response 
thereon starts and ends within a predetermined time interval. 
The system according to the invention is based on a twofold 
idea. The first part of the idea is that the functional condition 
of the central nervous system can be determined by measuring the 
input-output relation, whereby the input concerns the stimulation 
of the efferent nerves and the output concerns the activation of an 
end organ by afferent nerves. The second part of the idea is that 
the functional condition of the central nervous system will bB 
"modified by general anesthetics. This twofold idea has lead to the 
understanding that the functional condition of the central nervous 
system can be quantified by directly measuring the response which 
is caused by applying stimuli, especially stimuli which will lead 
to a time restricted response, so that the measurement is very well 
quantifyable and is repeatable. Therewith a method can be realized 
which is independent of the circulative condition, the age, the 
weight or other subjective parameters which are different for each 
human being or each animal. 

Stimuli can be applied in various manners. A first specific 
embodiment of the system according to the invention is in this 
respect characterized in that the first means are embodied as one 
single electrical electrode and that the second means are embodied 
to generate electrical signals to said electrode. Another specific 
embodiment of the system according to the invention is charac- 
terized in that thefirst means are embodied as one single pressure 
transmitting electrode and that the second means are embodied to 
generate pressure signals to said electrode. 

It is remarked that as such the application of predetermined 
stimuli on which a specific response can be expected is a well- 
Itnown technique within the medical world. 
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Pressure pulse generators, for instance comprising piezo- 
electric transducers, necdianical pressure bars, etc. are also known 
thenselves and do not need further explanation. 

the response to the stimuli can be of a different nature and 
5 dependent on the nature of the response the third means have to be 
selected such that predetermined parameters of the response can be 
quantified. A specific embodiment of the system according to the 
invention is in this respect characterized in that the third means 
are embodied and positioned in relation to the body of the human or 
animal to detect a movement of a certain body part of the human or 
animal, for which purpose the third means comprise a movenent 
detector cooperating during operation of the system with said 
predetermined body part. 

Another specific embodiment of the system according to the 
invention has the characteristic that the third means are embodied 
and positiemed to detect the electrical impedance of a 
predetermined body part of the human or animal, for which purpose 
the third means comprise an impedant measuring circuit i*ich during 
operation of the system is coupled to said predetermined body part 
20 of the human or animal. 

Although the administeration of anesthetics can be controlled 
by hand during operation of the system, for instance such that an 
anesthesiologist on the one hand administers predetermined 
relatively small dosis of anesthetics to the human or animal and on 
25 the other hand monitors the effect thereof using the system 
according to the invention, it is also possible to create a 
feedback in the control circuit by adding fifth means which are 
embodied to be controlled by the ratio dependent control signal 
generated by the fourth means such that said fifth means are 
activated to administer predetermined doses of anesthetic as the 
ratio represented by said control signal is above a predetermined 
treshold value and are deactivated as the ratio represented by said 
control signal is underneath said treshold value. 

In fact the human being or the animal, which receives the 
stimuli from the first means and whose response is monitored by 
said third means forms an essential part of the whole control 
circuit. Those parts of the circuit which are destined for applying 
the stimulus (the first means) are coupled to or cooperate together 
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with the afferent part of the nervous system of the huaan being or 
the aninal and the response monitoring means (third means) are 
coupled to that part of the body of the human being or the animal 
«here the response to said stimilus is expected, which response is 
5 initiated in the central nervous system and activates the efferent 
nerves. Therefore the central nervous system acts as intermediate 
component between the first and the third means within the control 
circuit. 

A specific embodiment of the system, especially for testing 
10 of anesthetics has the characteristic that the system comprises a 
test animal such as a mouse or a rat, which test animal during use 
of the system receives stimuli generated by said second means and 
applied through said first means, whereby the evoked response in 
the body of the test animal is detected by said third means and 
5 whereby one or more parameters of said response are quahtified by 
said fourth means. 

Above special attention is paid to the use of stimuli in the 
form of electrical signals or pressure signals. However, in 
principle also other stimuli can be used, such as stimuli induced 
0 by temperature (cold or warmth), noise or radiation (light). These 
other forms of stimuli are not always definable in a measurable 
configuration and will not always result into an unambiguous and 
easy to measure response and therefore in most cases electric 
stimuli or pressure stimuli are preferred although the invention is 
not restricted thereto. Huch of the stimuli can be classified as 
noxious stimuli, such as for instance the stimuli caused by a 
temperature difference. The nervous system of the human or animal 
will react to said noxious stimuli by a withdrawal response, in 
other words the central nervous system will react to noxious 
stimuli by moving that body part of the huaan or animal, which is 
exposed to said noxious stimuli, in such a manner that the 
respective body part is moved out of the influencial range of the 
noxious stimuli. Especially such withdrawal reflexes are preferably 
applied within the scope of the invention, whereby it is assumed 
that the strength of the withdrawal reflex of the human or animal 
which is under the influence of anesthetics, is dependent on the 
momentaneous anesthesia depth. 

The invention is further supported by the understanding that 
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it is not necessary to actually apply a noxious stimulus to the 
human or the animal, but that it is sufficient to input therewith 
corresponding electrical stimulus or a stimulus of another nature 
at a suitable position through suitable afference into the nervous 
5 systan of the human being or the animal. 

The invention will be explained in more detail with 
referencemeans and applied through said first means, whereby the 
evoked to the attached drawings. response in the body of the test 
animal is detected by said third 

Figure 1 illustrates schematically a first embodiment of 
ameans and whereby one or more parameters of said response are 
system according to the invention. quantified by said fourth means. 

Figure 2 illustrates the system in figure 1 shown in the form 
of a control process. 

Figure 3 illustrates the response change of the central 
nervous system as function of time when a certain dose of 
anesthetic is applied. 

Figure 4 illustrates the relation between the applied doses 
of anesthetic and the therewith obtained anesthetic effect. 

Figure 5 illustrates the possibile progress of an anesthesia 
as monitored and controlled by the system according to the 
invention. 

Figure 6 illustrates the form a control process a second 
embodiment of a system according to the invention including a 
25 feedback to the anesthesia-application aRiaratusses . 

Figure 7 illustrates the relation between the stimulus 
strength and the response strength for varying doses of anesthetic. 

Figure 8 illustrates a third embodiment of the syston 
according to the invention, especially destined for researching the 
anesthetic working of certain chemical compounds. 

Figure 1 illustrates schematically a possible embodiment of a 
system according to the invention. The system comprises an 
electrode 10 which through a lead 11 is connected to a signal 
generator 12. The electrode 10, which is known as such, is suitable 
for transcutaneous electrical stimulation of a part of the human 
body. In the illustrated example the electrode 10 is positioned' on 
the schematically illustrated lower arm 13 of a further not 
illustrated human being. The signal generator 12 is destined to 
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generate stimuli in the form of electric pulses or pulse series, 
which are dimensioned such that during the application thereof 
through the electrode to the body of the human being a certain 
noxious stimulus is simulated. The application of such stimuli and 
the shaping of suitable electric pulses or pulse series is 
considered as known to the expert in this field. Also the 
components 10, 11 and 12 are considered as known to the expert so 
that any further explanation is superfluous. 

The system according to the invention comprises furthermore a 
"ovement detector 14 which is connected through a suitable lead to 
a processor 17. Each movement of the finger 15 is translated by 
said movement detector 14 in an electrical signal which through a 
lead 16 is transferred to the processor 17. in the processor 17 the 
received signals are processed in a manner which will be described 
in more detail and are evaluated in such a manner that a value can 
be made visible on the indication unit 18 forming a measure for the 
anesthetia depth. The value on the indication unit 18 may vary for 
instance between 0 and 100%, whereby 0% for instance indicates the 
total absence of any form of anesthetia, whereas 100* indicates the 
Situation in which no reaction is measurable after application of a 
Stimulus . 

The movement detector 14 can be embodied in various ways. 
Known movement detectors use for instance a small Doppler radar 
transmitter which is directed to that part of the body of which the 
««>vement has to be detected. Such a movement detector delivers at 
the output of the receiver both information concerning the 
amplitude of the movement as well as information about the speed of 
the movement. Other known movement detectors use for instance 
strain gauges which are adhered to that body part of the human or 
animal which is to be monitored and by means of which the tension 
in said body part, developed when a withdrawal reaction is carried 
out, can be measured. As such these movement detectors are known 
and a further illustration of this detector is considered 
superfluous. 

During use of the system the signal generator 12 is adjusted 
such that therewith certain pulses or pulse series can be generated 
which, through the lead 11 and the electrode 10, can be applied to 
the arm 13 of the human to stimulate in there certain afference. In 
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the figure 10 schematically an afferent nerve 9 is drawn, which can 
be stimulated by the electrode 10 and will transport thereafter a 
signal to the central nervous system, which is schematically 
indicated within the dashed line 8. In response to the received 
5 signal the central nervous system 8 will transmit a signal through 
the also schematically indicated efferent outgoing nerve 7, by 
means of which the muscles connected to the finger 15 are activated 
in such a manner that more specifically the finger 15 will bend. 
This bending movement of the finger 15 will be detected by the 
movement detector 14, which in turn will supply a signal, 
corresponding to the strength of the movement or the amplitude of 
the movement through the lead 16 to the processor 17. in a very 
simple embodiment of the system the processor 17 determines the 
strength of the electric signal and talies the necessary steps to 
visualize a therewith corresponding value, preferably normalized 
between the 0% and 100% boundaries onto the indicator unit 18. 

Not only the pulses or pulse series, generated by the signal 
generator 12 are dimensioned and shaped in soch a manner that the 
desired response of a certain body part is obtained. Also the 
signals are shaped in such a manner that the response is restricted 
in time. In the underlying situation that implies especially the 
bending movement of the finger 15 will last for some seconds or 
even only a part of a second, whereafter the finger will relax and 
will return back to the same position as before the electrical 
25 pulse series was applied. 

If now during this measuring process a phamacon or 
anesthetic is administered to the human, for instance through 
inhalation or through intraveneus injection, then as result thereof 
the response of the central nervous system will decrease. In other 
words, as more anesthetic is applied the withdrawal reflex, in the 
described example the bending movement of the finger 15, will 
gradually decrease and therefore also the signal which is delivered 
by the movement detector 14 through the lead 16 to the processor 17 
will decrease in amplitude. The anesthesiologist may draw 
35 conclusions from the indicated value on the indicator 18 about the 
obtained momentaneous anesthesia depth and may draw conclusions 
about the eventual further administering of anesthetics. 

Figure 2 illustrates the system in figure 1 in another 
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«amer, such that it will be clear that in the system according to 
figure 1 in fact a control process is carried out- In figure 2 the 
components corresponding to components in figure 1 are indicated 
with the same reference numbers. The generator 19 generates 
5 stimulation signals which through the lead 11 are supplied to the 
electrode 10. The electrode 10 causes the stimulation of the 
afferent nerve(s) 9 and through said nerve 9 the signal will be 
transferred to the central nervous system 6. In the central nervous 
system 8 the received signal is processed with the result that 
through the efferent nerves 7 certain muscles are activated which 
will cause the bending movement of the finger 15. This movement is 
detected by means of the movement detector 14. The detector 14 will 
transfer a signal through the lead 16 to the processor 17 which 
processor is combined with the indication unit 18. The output 
signal of the processor 17, visible on the indication unit 18, is 
observed by an anesthesiologist 20. The transfer of informatiLi 
from the indication unit IB to the anesthesiologist 20 is indicated 
by means of the dashed line 19. The anesthesiologist 20 operates an 
apparatus 22 for applying anesthetics. The fact that the apparatus 
22 is controlled by the anesthesiologist 20 is indiced by the 
dashed line 21 . The applied anesthetic will influence the 
functioning of the central nervous system 8 and this influence is 
schematically indicated in figure 2 by means of the arrow 23. 

Figure 3 illustrates the variation of the response of the 
central nervous system in case only once a predetermined dose of a 
certain anesthetic is administered to the human or animal. The 
horizontal axis in figure 3 represents the time and the vertical 
axis is marked with the response strength, which varies between 0% 
(no response at all) and 100% (a complete response). Before the 
time t1, in other words left of t1 on the time scale, no anesthetic 
is administered. If with regular intervals stimuli are applied by 
means of the generator 12 and the electrode 10 then, as is 
indicated by the vertical response strength lines, each time a 
response of 100% will be measured by the processor 17. The actual 
response strength may differ for each individual, however, the 
measured response before the time t1 will be set to 100%. At the 
time t1 a predetermined dose of anesthetic (dose 1 ) will be 
administered and as reaction thereon the response will decrease in 
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a relatively fast rate, as appears frcsn figure 3, At the tine t2 in 
fact the mininal response is obtained which, related to the 100% 
value before the time tl is now equal to a%. From that time onwards 
the influence of the anesthetic will gradually decrease so that at 
the time t3 again a 100% response is observed. The angle of the 
slope of the response variation between tl and t2 and also the 
angle of the slope of the response variation between t2 and t3 
depends on the used pharmacon or anesthetic and also depends on the 
individual. 

It will be clear furthermore that with another dose also 
another response variation will be observed. As example in figure 3 
the variation for a relatively smaller dose 2 is indicated. The 
minimal response for dose 2 appears to be b%. There is also a 
certain dose which will lead to a response of 0%. If the strength 
of the dose is increased further then the response will be 
maintained at 0%, however, as is mentioned above, further noxious 
effects will appear which are very undesirable. 

Figure 4 illustrates the relation between the dose strength 
of the administered anesthetic and the response respectively the 
obtained effect. For a definition of the term ••effect" the 
following formulas are used: 

withdrawal reflex during anesthesia 
response (%) = — . __ ^ ^qq 

withdrawal reflex without anesthesia 
effect (%) = 100 - response (%) 

For a human which does not have received any anesthetics the 
response will be 100% and the effect therewith will be 0%. if 
anesthetics are administered then the response decrease and 

the desired effect of the anesthetic will increase in an inverted 
proportional manner. At the moment no response is received anymore 
the 100% effect will be obtained. As soon as this situation is 
reached further administering of anesthetics to increase the effect 
does not have any useful purpose and may only lead to disadvantage 
consequences. 

As appears from figure 4 the relatively strong dose 1 in the 
example of figure 3 will result into a low response of a% and 
inversely proportional therewith in a relatively strong effect of 
100-a%. The relatively weaker dose 2 in the example of figure 3 
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results into a response of b% and a therewith corresponding effect 
of 100-b%. Figure 4 shows that the relation between effect and dose 
is represented in general fay an S-shaped curve. On the grounds of 
the already above-mentioned analgetic and circulatory effects the 
5 exact position of this S-shaped curve is not identical for each 
individual. The effect curce 30, illustrated in full line, 
corresponding to the response curve 32, oay apply to a first 
individual, whereas the effect curve 31, illustrated by a dashed 
line, nay apply to another individual. However, it is true that the 
S-shape of the curve is universally valid irrespective of the exact 
positioning of said curve. That inplies that for each individual in 
principle only two measurements with two different doses are 
necessary to be able to draw the dose-effect-curve for the 
respective individual and for the used phaxnacon or anesthetic. In 
other words, as soon as two points of the S-shaped dose-effect- 
curve are known in the processor 17 and the general shape of the 
curve is in a suitable manner stored in the processor 17, then this 
processor 17 is able to calculate the actual curve for the 
individual to be treated, at least within certain tolerance 
20 boundaries. 

For a good understanding it is remarked that it is not always 
necessary to obtain a 100% anesthesia depth. Depending on the 
circumstances the anesthesiologist may for instance decide to 
strive for a 70 or 80% effect. Under the guidance of the obtained 
effect the effect level can be maintained by regularly 
administering small doses of anesthetics and as soon as no 
anesthetics are administered anymore the recovery process will 
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In figure 5 schematically the progression of a possible 
anesthesia is indicated whereby, viewed in time, the whole 
treatment can be subdivided into an initiatory phase between t1 and 
t2, a level phase between t2 and t3 and a recovery phase between t3 
and t4. (For the sake of clearness it is remarked that the separate 
responses, which together determine the illustrated curve, are not 
shown individually as is done in figure 3). At the moment t1 a 
first dose of anesthetic is administered, causing the response to 
show a strong decrease. As appears from figure 5 this dose was not 
sufficient to obtain the desired response level of c%. By adding a 
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small extra dose at the tine t2 the desired level of ct was 
obtained. From that moment on the desired level response of c% was 
maintained by administering small extra doses until the time t3. At 
the time t3 the recovery phase starts. During this phase no 
5 anesthetic is administered anymore and the response will gradually 
increase until the 100% level is reached again at the tine t4. This 
whole anesthesia can be monitored and controlled by the system 
according to the invention. Preferably the system in figure 2 is 
further developed into the embodiment lAich is illustrated in 
10 figure 6. 

in the embodiment of figure 6 all components which correspond 
to those in the embodiment of figure 2 are indicated by the same 
reference numbers. The difference between the figures 2 and 6 is in 
fact the direct control of the anesthetic administeration unit 22 
by the processor 17. This is indicated in figure 6 by the direct 
connection 24 through which control signals are supplied from the 
processor 17 to the unit 22. The interaction between the 
anesthesiologist 20 and the processor 17 is symbolized by the 
connection 25. The anesthesiologist 20 -determines when the 
anesthesia should start (time t1 > and indicates the base line level 
<c%) to be obtained. As soon as these data are inputted in the 
processor 17 the system is able to carry out the anesthesia 
automatically and it is sufficieht for the anesthesiologist 20 to 
monitor the data on the indication unit 18 presented by the 
processor 17 to control the course of the anesthesia. As soon as 
the administering of anesthetics can be terminated (time t3) a 
thereto related command is inputted by the anesthesiologist 20 into 
the processor 17 which in response will stop the administeration of 
anesthetic through the administration unit 20. In the following 
phase the system according to the invention can be used to monitor 
the behaviour of the human or animal during the recovery phase of 
the anesthesia. 

The system according to the invention can not only be used in 
the above described manner during the administeration of an 
anesthetic to apply non-varying stimuli and to monitor by means of 
the processor 17 and the indicator unit 18 the variation of the 
response of the central nervous system dependent on the momentary 
dose of the anesthetic, it is also possible to observe the response 
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on a varying stimulus in the presence of a predetermined anestnatic 
dose, especially a gradually increasing stimulus. The relation 
between the stimulus strengfat and the response strength is for two 
different doses schematically indicated in figure 7, tdiereby as 
5 reference also the situation tfithout any anesthetic is illustrated. 

As is remarked above the system according to the invention is 
not only suited to be used by an anesthesiologist as a means for 
administering the correct dose of anesthetic to obtain a desired 
anesthesia depth, but is also suited to be used in a research 
environment for testing the anesthetic working of certain chemical 
compounds. 

An embodiment which is especially developed for that purpose 
is illustrated in figure 8. 

The embodiment in figure 8 comprises a resting place 50 for a 
15 test animal 51, in the illustrated embodiment being a mouse or a 
rat. The test animal 51 is fixed on the resting place 50 by 
connecting one end of a hooked bar 52 to the upper teeth of the 
test animal 51 and by connecting the other end thereof to the fixed 
column 53. Furthermore a wire 54 is on the one hand through a band 
55 connected to the tail root of the rat 51 and is on the other 
hand connected to a fixed column 56. By means of the hooked bar 52 
and the wire 54 the test animal 51 is maintained in position on the 
resting place 50. It will be clear that also other means can be 
used to fix the test animal in position. Such means are considered 
25 as known to the expert in this field. 

In the manner illustrated in figure 8 an electrode assembly 
57 is connected to one of the hind legs of the rat 51. This 
electrode assembly 57 is through leads 58 connected to the 
electrical signal generator 59. The same hind leg of the rat 51 is 
through a connection 60 coupled to a power transducer 61 which is 
attached at a fixed position to the column 62. The transducer 61 
produces electrical signals which through the leads 63 are supplied 
to the processor 64. 

In the illustrated embodiment of the system furthermore an 
breathing hose 65 is shifted within the mouth of the test animal 
51. Through the valve 66 a mixture of air, supplied through the 
conduit 67 and anesthetic, supplied through the conduit 68, can be 
administered to the test animal. 
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The system may eventiaally comprise further means for 
measuring and controlling the body temperature of the test animal, 
means for measuring and controlling the blood pressure, hard rate 
and other parameters, t^ch may play a role during the 
5 investigation. These means are, however, not considered as 

essential within the scope of the invention and are therefore not 
illustrated in the figure. 

It will be clear that the system which is illustrated in 
figure 8 nay function in the same way as the system illustrated in 
10 the figures 1, 2 and 6. The anesthetic can be administered for 

instance in the form of a gas by means of the components 65.... 68. 
However, it is also possible to intraveneus administer the 

anesthetic in which case the components 65 68 should be 

replaced by suitable means therefore which are considered known as 
15 such. Both before the anesthesia as well as diuring the 

administeration of anesthetic pulses or pulse series with 
predetermined shape and dimensioning can be generated in the 
generator 59 and supplied through the electrodes 57 to the hind leg 
of the rat 51 . These pulses will through the afferent nerves get 
20 access to the central nervous syst« of the rat 51, %^ereby after 
propagation of the pulses, processing thereof in the central 
nervous system a withdrawal reflex will result in the same hind 
leg, which withdrawal reflex is measured by the power transducer 
61. The measured strength of the withdrawal reflex is in the form 
25 of an electrical signal supplied through the leads 63 to the 
processor 64 in which the measured strength is stored and 
eventually further processed. The result of the signal processing 
can be made visible through the indication unit. 

Also in the case of the embodiment of figwe 6 it is possible 
30 to realize a coupling between the means for administeration of the 
anesthetic and the processor 64 in such a manner that a feedback 
control circuit is obtained. 

Although in figure 8 very schematically a processor 64 and a 
generator 59 are illustrated it will be clear that in more 
35 sophisticated ^nbodiroents the processor may take the form of a 
computer or data logger by means of which data from a number of 
signal sources, not only the sources of the above-mentioned second 
means, but for instance also signals which are representative for 



WO91/K001 PCr/NL91/00067 



10 



15 



20 



25 



30 



35 



18 



the body temperature, blood pressure, hard rate etc. can be 
received, stored and eventually directly processed by neass of 
special purpose software. Such data acquisition systems are known 
as such and do not require any further explanation. 

Above special attention is paid to the system according to 
the invention. However, the invention is also related to a method 
and more specifically to a method for determining the influence of 
an anesthetic on the functioning of the central nervous system of a 
human or animal, in case predetermined relatively small doses of 
the respective anesthetic a^ administered to a human or animal at 
predetermined time distances. The method according to the invention 
coa^rises the following steps: 

a predetermined stimulus is transmitted to the input side of 

the nervous system of the human or animal, 

said stimulus is transmitted periodically in a controlled 

manner, 

the response evoked in the body of the human or animal as 
result of each applied stimulus is detected and at least one 
parameter of said response is quantified, the series of 
quantified parameters is processed to obtain an indicktion of 
the anesthetic effect, 
whereby 

the stimuli have a constant strenght, said strength being 
adjusted to a level causing an evoked response which is 
perceived bearable, whereby the stimuli are selected such 
that the response thereon starts and ends within a 
predetermined time interval, 

the processing of the quantified parameters is doen by 
carrying out the following functions: 

= store the quantified parameters corresponding to a response 
evoked in the body of the human or animal before any 
aneasthetic is administered to the body of the human or 
animal 

= compare the strength of every quantified parameter 
corresponding to a response evoked after the start of 
administring an aneasthetic to the body with the at least 
one stored signal strength 

s indicating the result of said comparison. 
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CLAIMS 

1 • System for quantifying the anesthetic effect of anesthetics 

on a human or an animal, comprising 

first means for transmitting a predetermined stimulus to the 
ix^t side of the nervous system of the human or animal, 
second meaxis for activating said transmitting means in a 
controlled manner, 

third means for detecting the response evoked in the hody of 
the human or animal as result of each transmitted stimulus 
and for generating a thereto corresponding signal, 
fourth means for processing the signals generated by said 
third detecting means, 
characterised in that 

the anesthetic of which the general anesthetic in effect is 
to be quantified is a general anesthetic the purpose of which 
is to t^nporarily decrease those functions of the central 
nervous system which together determine the function 
**awarene5s** of the central nervous system, 

the first means are embodied as one or a restricted number of 
stimulus transmitting elements destined to stimulate a 
specific sensor which in response thereto will cause the 
central nervous system to a specific response the strength of 
which being representative for the function "awareness" of 
the central nervous system, 

the second means are embodied to control said first means for 
sequentially transmitting stimuli of constant strenght, said 
strength being adjusted to a level causing under full 
awareness circumstances a response which is perceived 
bearable by the human or animal, whereby the stimuli are 
selected such that the response thereon starts and ends 
within a predetermined time interval, 

the third means are embodied and positioned on the body of 
the human or animal to detect the strength of said specific 
evoked respons and to generate a strength dependent detection 
signal, 

the fourth means are embodied to carry out the following 
ftinctions: 
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= memorize the strength of at least one detection signal 
corresponding to a response evoked in the body of the 
human or animal before any anesthetic is administered to 
the body of the human or aw-imTii 
5 s compare the straigth of said at least one memorized 

detection signal with the strength of every detection 
signal corresponding to a response evoked after the start 
of administering an anesthetic to the body 
» indicating the result of said cooparison. 
10 2. system for quantifying the effect of anesthetics on a human 
or an animal, comprising 

first means for transmitting a predetermined stimulus to the 
input side of the nervous systaa of the human or animal, 
second means for activating said transmitting means in a 
controlled manner, 

third means for detecting the respons evoked in the body of 
the human or animal as result of each transmitted stimulus 
and for generating a thereto correspcmding signal, 
fourth means for processing the signals generated 1^ said 
third detecting means, 

fifth means for administering an anestetic to the body of the 
human or animal, 
characterised in that 

the anesthetic of which the general anesthetic effect is to 
be quantified is a general anesthetic the purpose of which is 
to temporarely decrease those functions of the central 
nervous system which together determine the function 
"atrareness" of the central nervous system, 
the first means are embodied as one or a restricted number of 
stimulus transmitting elemoits destined to stimulate a 
specific sensor which in response thereto will cause the 
central nervous system to evoke a specific response the 
. strength of which being representative for the awareness of 
the central nervous syston, 

the second means are embodied to control said first means for 
sequentially transmitting stimuli of constant strenght, said 
Strength being adjusted to a level causing under full 
awareness circumstances an evoked response which is perceived 
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bearable by the hunan or animal, whereby the stimuli are 
selected such that the response thereon starts and ends 
within a predetermined time interval, 

the third means are embodied and positioned on or near the 
5 body of the human or animal to detect the strength of said 

specific evoked respons and to generate a strength dependent 
detection signal, 

the fourth means are embodied to carry out the following 
functions: 

= memorize the strength of at least one detection signal 
corresponding to a response evoked in the body of the 
human or animal before any anesthetic is administered to 
the body of the human or animal 
= compare the strength of said at least one memorized 
detection signal with the strengt of every detection 
signal corresponding to a response evoked after the start 
of administering an anesthetic to the body, 
^ generating a ratio dependent control signal to the fifth 
means, 

said fifth means are embodied to be controlled by said ratio 
dependent control signal such that said fifth means are 
activated to administer predetermined doses of anestetic as 
the ratio represented by said control signal is above a 
predetermined threshold value and are deactivated as the 
ratio represented by said control signal is underneath said 
threshold value. 

3. System according to claim 1 or 2, characterized in that the 
first means are embodied as one single electrical electrode and 
that the second means are embodied to generate electrical signals 

30 to said electrode. 

4. System according to claim 1 or 2, characterized in that the 
first means are embodied as one single pressure transmitting 

. electrode and that the second means are embodied to generate 
pressure signals to said electrode. 
35 5. System according to one of the precedig claims, characterized 
in that the third means are embodied and positioned in relation to 
the body of the human or animal to detect a movement of a certain 
body part of the human or animal, for which purpose the third means 
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co-prise a .ovent detector cooperating during operation of the 
system with said predetermined body part. 

6. System according to one of the claims 1-4, characterised in 
that the third means are embodied and positioned to detect the 
electrical impedance of a predetermined body part of the human or 
animal, for which purpose the third means comprise an impedant 
measuring circuit which during operation of the system is coupled 
to said predetermined body part of the human or animal. 

7. System according to one of the preceding claims, 
characterized in that the fourth meuis comprise a processor, 
programmed to carry out the mentioned functions of the fourth 
means. 

a. System according to one of the preceding claims. 
Characterized in that the system comprises auxiliary means on 
which the human or animal can be maintained in a predetermined 
position during the anesthesia. 

9. System according to claim 8, characterized in that the system 
comprises a test animal such as a mouse or a rat, which test animal 
dur«g use of the system receives stimuli generated by said second 
means and applied through said first means, whereby the evoked 
response in the body of the test animal is detected by said third 
means and whereby one or more parameters of said response are 
quantified by said fourth means. 

10. Method for quantifying the graded effect of anesthetics on a 
25 human or an animal, according to which 

a predetermined stimulus is transmitted to the input side of 
the nervous system of the human or animal, 

said stimulus is transmitted periodically in a controlled 
manner, 

30 - the response evoked in the body of the human or animal as 

result of each applied stimulus is detected and at least one 
parameter of said response is quantified, the series of 
quantified parameters is processed to obtain an indication of 
the anesthetic effect, 

35 characte rised in «-ha«- 

the stimuli have a constant strenght, said strength being 
adjusted to a level causing an evoked response which is 
perceived bearable, whereby the stimuli are selected such 
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that the response thereon starts and ends within a 
predetermined tine interval, 

the processing of the quantified parameters is doen by 
carrying out the following functions: 
5 = store the quantified parameters corresponding to a 

response evoked in the body of the human or j>Ti4iiifl|'| before 
any aneasthetic is administered to the body of the human 
or animal 

s compare the strength of every quantified parameter 
0 corresponding to a response evoked after the start of 

administring an axieasthetic to the body with the at least 
one stored signal strength 
= indicating the result of said comparison. 
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